Purpose: We examined the relationship between the urinary ATP level and the desire to void, voided urine volume, and urinary osmotic pressure. Materials and Methods: The subjects were 4 healthy volunteers (2 men and 2 women) without micturition disorders who were not taking any medications and had normal urinalysis findings. Over 2 -3 days, they urinated into a clean cup a total of 20 times. The strength of the desire to void was classified (none, slight, moderate, or strong; scored from 1 to 4, respectively) and a voiding score was assigned at each urination, along with measurement of the voided volume, urinary ATP, urinary creatinine, and urinary osmotic pressure (one man). Results: Variation of the urinary ATP/creatinine ratio was large in both male and female subjects. The urinary ATP/creatinine ratio was lower in the 2 men compared with the 2 women. This ratio showed a significant negative correlation (R 2 = 0.1577 and 0.1673, both p < 0.05) with the voided urine volume in the male subjects. However, there was no relationship between the urinary ATP/creatinine ratio and the voiding score or voided urine volume in the female subjects. Conclusions: The urinary ATP level may not be a clinically useful marker of bladder pathology. Both the present study and our previous studies identified a large sex difference in the urinary ATP/creatinine ratio, and this finding may be important when considering the causes of overactive bladder (OAB) in women. The mechanism underlying the increase in urinary ATP in women should be investigated to develop new therapies for OAB.
Introduction
Adenosine triphosphate (ATP) is a major neurotransmitter in both the motor and sensory neurons of the peripheral nervous system [1] [2] . Recently, it has become accepted that epithelial tissues (including the urothelium) may have a role in mediation of sensation [3] [4] . Exposure to pressure, stretch, or hypo-osmotic stimulation leads to release of ATP from epithelial cells [3] [5] . Although it is difficult to prove that urinary ATP is mainly derived from the bladder epithelium, it has been demonstrated that release of ATP from cultured epithelial cells is increased in patients with interstitial cystitis [6] . Therefore, the urinary ATP level may be a potential marker of bladder pathology.
In our previous study using rats, the urinary ATP level was increased after stimulation of the bladder by infusion of acetic acid, while this increase in urinary ATP was blocked by adrenergic alpha-1 receptor antagonists or anti-muscarinic agents [7] [8] . In a study of healthy volunteers who urinated into a clean cup when the desire for micturition was felt, the urinary ATP/creatinine ratio was lower in males than in females [9] . In patients with benign prostatic hyperplasia (BPH), administration of an alpha-1 receptor antagonist decreased lower urinary tract symptoms (LUTS) and reduced the urinary ATP/creatinine ratio, with improvement of LUTS being greater in patients who had a high baseline urinary ATP level. Furthermore, in patients with overactive bladder (OAB), an anti-muscarinic agent improved LUTS and decreased the urinary ATP/creatinine ratio, and LUTS showed more improvement when the baseline urinary ATP level was elevated. Moreover, improvement of LUTS in patients with BPH or OAB by treatment with an alpha-1 receptor antagonist or anti-muscarinic agent was related to reduction of the urinary ATP/creatinine ratio [9] . Therefore, it is possible that urinary ATP could be measured as a marker of bladder pathology.
However, urinary ATP is also influenced by bacterial infection and renal dysfunction [10] , so it is necessary to exclude such factors. Also, any stimulation of epithelial cells leads to the release of ATP [3] [5] , so the voided urine volume or intravesical urine volume could influence ATP release from the bladder epithelium. Therefore, we examined the relationship between the urinary ATP level and the desire to void, the voided urine volume, and the urinary osmotic pressure.
Subjects and Methods
The subjects were 2 male and 2 female healthy volunteers aged 32 -52 years without micturition disorders who were not taking any medications. They were all staff members at our previous hospital (Ryukyu University Hospital). Subjects gave informed consent to the study and the protocol was approved by the Results are reported as the mean ± standard deviation (SD). Student's paired or unpaired t-test and regression analysis were used for statistical analyses, and p < 0.05 was considered to indicate significance.
Results
The urinary ATP/creatinine ratio showed wide variation in both the male and female subjects. This ratio was lower in the 2 men compared with the 2 women (Figure 1 ). In the male subjects, the urinary ATP/creatinine ratio showed a significant negative correlation (R 2 = 0.1577 and 0.1673, both p < 0.05) with the voided urine volume, but not with the urinary osmotic pressure (Figure 2 ). There was also a negative correlation tendency between the urinary ATP/creatinine ratio and the voiding score, but it was not significant. In the female subjects, there was no relationship between the urinary ATP/creatinine ratio and the voiding score or voided urine volume.
Discussion
This study revealed that the urinary ATP/creatinine ratio was lower in male subjects compared with female subjects, while our previous study identified a sex difference in the urinary ATP level [9] . According to these two studies, the urinary ATP/creatinine ratio was about 4-fold higher in healthy female volunteers than in male volunteers and was also about 2-fold higher in female OAB patients than in male BPH patients. At present, this marked sex difference in the urinary ATP/creatinine ratio cannot be explained. When ATP is produced in the mitochondria, oxygen radicals are also created as a by-product and these radicals strongly induce symptoms of OAB [11] [12] . OAB is often idiopathic in females, while it is usually secondary to BPH or neurogenic bladder in males. Therefore, a factor that increases the release of ATP and oxygen radicals from the bladder epithelium may exist in females, and this putative factor may be one of the causes of OAB.
The present study revealed a significant negative correlation of the urinary In our male subjects, the urinary ATP/creatinine ratio was not correlated with the voiding score or the urinary osmotic pressure. This suggests that the intravesical urine volume and the desire to void are not necessarily related. Khera et al. reported that less ATP was released from the bladder by hypo-osmotic stimulation in normal rats than in rats with chronic spinal cord injury [5] . Therefore, urinary osmotic pressure may have a small influence on ATP secretion in healthy male volunteers. In our female subjects, the urinary ATP/creatinine ratio was not correlated with the voiding score or the voided urine volume. Release of ATP from the bladder epithelium was greater in females, and these parameters seemed to have little influence on ATP secretion.
It has been reported that the urinary ATP level is influenced by bacterial infection, renal dysfunction [10] , voided urine volume, and gender. Therefore, the urinary ATP level may not be a useful marker of bladder pathology, although we previously reported that measurement of urinary ATP could be used clinically [9] . Interestingly, our research has identified a large sex difference in the urinary ATP/creatinine ratio, which may be an important finding when considering the etiology of OAB in females. In the present study, there were only two men and two women, and there is a limit to making more reliable results. Therefore, subjects should be increased in the next step, and the mechanism underlying the increase in ATP in females should be examined further in order to develop new treatments for OAB.
